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SULFOGLYCOLIPID ANTIGENS, THEIR EXTRACTION FROM 

MYCOBACTERIUM TUBERCULOSIS, AND THEIR USE AGAINST 
TUBERCULOSIS 



The present invoition relates to new sulfoglycolipid antigens, a process to extract 
them from Mycobacterium tuberculosis^ and their use in the treatment or the prophylaxis of 
tuberculosis. 

Each year, tuberculosis is the estimated cause of 3 million deaths. The causative agent 
10 of this disease is a bacterium, Mycobacterium tuberculosis , by which one of every three 
people is infected worldwide. It is transmitted through the air by sneezes or coug^ of infected 
persons. The bacterium may be harboured in an inactive state by infected persons who will 
never develop the disease. However, under certain conditions, such as age or depression of 
the irmnime system, the bacterium may become active and cause the onset of tuberculosis. 
15 It seems that the mycobacterial envelope accounts for an important part of the 

virulence of bacteria of the Mycobacterium genus. Indeed, up to 40% of mycobacteria dry 
weight is constituted by Upids. Among those lipids, some of them seem restricted to 
Mycobacterium tuberculosis, such as sulfoglycolipids for instance (Vergne I. and Daffe M. 
Frontiers in Bioscience (1998) 3:865-876). This family of glycolipid^f is typified by a sulfate 
20 substituent on position 2' of a trehalose unit (i.e. o^D-glucopyranosyl-(l-r)-a'-D- 
glucopyranoside) (A). 

HO. 

4' 




Members of the family differ from one another by the number, the position and the 
25 type of fatty acids substituted on the trehalose imits. The fatty acids substituents notably 
comprise palmitic acid, stearic acid, phthioceranoic acid and hydroxyphthioceranoic acid. The 
latter two fatty acids are characteristic of sulfoglycolipids. The most abundant sulfoglycoUpid 
is SL-1 (Goren et al Biochemistry (1976) 15:2728-2735) (B). 
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Hydroxyphthioceranoyl 




Hydroxyphthioceranoyl 

B 



Its abundance has been shown to be correlated to strain virulence and it has been 
demonstrated that SL-I was able to inhibit macrophage antimicrobial activity and to block the 
ejBfects of several inflammatory agents such as LPS, IFN-7 or TNF-a on macrophages (Vergne 
I. and Daffe M. Frontiers in Bioscience (1998) 3:865-876). 

At present, there are two ways of fighting tuberculosis: antibiotic therapy and 
vaccination. 

The vaccine used for the prophylaxis of tuberculosis consists of a live attenuated 
bacterium of the Mycobacterium bovis species. It is named BCG, Bacillus of Calmette and 
Guerin, after the two scientists who first devised it, at the beginning of the 20* century. In 
addition to its flaw as being a live vaccine, which precludes its use in immunodepressed 
patients, its protection against tuberculosis is controversial. Thus, BCG protective efficacy in 
adults range firom 0% to 80% according to varying studies, besides, it &ils to protect against 
pulmonary tuberculosis, the most prevalent disease form in adults.. 

Moreover, antibiotic resistant strains of M. tuberculosis havJe been found in over 35 
countries. 

Hence, it is a subject of the present invention to provide a more effective way of 
treating and/or preventing tuberculosis. 

It is a further subject of the invention to provide new immunogenic glycoUpids 
extracted from Mycobacterium tuberculosis. 

The invention notably provides new sulfoglycolipid antigens, specific of M 
tuberculosis 9 which have been shown to stimulate GDI -restricted T lymphocytes in vitro. 

The invention relates to compounds of the following general formula (I): 
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HO3SO OnR^ ^ 



wherein Ri and R2 are fatty acyl groups. 

Fatty acyl groups are derived from fatty acid groups which have been esterified to the 
hydroxyl groups in position 2 and 3 of the trehalose-2' -sulfate unit. 

Fatty acid groups are aliphatic carboxylic acids which can be linear or ramified, 
saturated or unsaturated, unsubstituted or substituted by groups such as hydroxyl, or ketone. 

The invention particularly relates to compounds of formula I, wherein Ri and R2 
independently from each other represent a fatty acyl group containing from 16 to 60 carbon 

« 

atoms, and more particularly wherein Ri and R2 are selected from the group comprising: 

O 
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(stearic acyl), 
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(arachidic acyl). 
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* ' 20 (docosanoic acyl). 
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(tetcacosanoic acyl). 
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H+CH,-]-CH3 (hydroxyphthioceranoic acyl). 



CH3 OH 



wherein m is 14 or 16 and n is an integer from 2 to 10, 
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C— Cj^H--{-CH— (j:H4^CHr[-CHr]^CH3 (phiMoceraaoic acyl), 



CH3 CH, 



wherein m is 14 or 16 and n is an integer from 2 to 10, 

The fatty acyl groups notably comprise linear and saturated fatty acyl groups such as 
groups according to formula -OC-(CH2)irCH3 wherein k is an integer from 14 to 58. 

The invention more particularly relates to compounds of formula I, wherein K\ and R2 
are selected from the group comprising palmitic acyl and stearic acyl, namely compounds of 
following formulae: 

HOgSb 9 9 






The invention further relates to compounds of formula I, wherein at least one of Ri and R2 
represents a hydroxyphthioceranoic acyl group. 

The invention more specifically relates to compounds of formula I, wherein R\ or R2 
represents a hydroxyphthioceranoic acyl group. 

The invention more particularly relates to compounds of formula I, wherein: 

• Ri represents a hydroxyphthioceranoic acyl group, and R2 represents a palmitic acyl 
group or a stearic acyl group, namely compounds of following formula (H): 
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HO 




HO3SO O 




CH3 OH 

-cHr]r-cH3 



CH, 



wherein p is 14 or 16, m is 14 or 16 and n is an integer firom 2 to 10, or 

R2 represents a hydroxyphthioceranoic acyl groiip, and Rj represents a palmitic acyl 

group or a stearic acyl group, namely compounds of following formula (IE): 

HO. 

4- \» 0 

/ 

HO3S6 9 




n / \ 



CH 




10 



15 



20 



wherein p is 14 or 16, m is 14 or 16 and n is an integer from 2 to 10. 
The invaition relates in particular to compounds of formula II, wherein: 



n = 2, m = 


14andp = 


14 


(n.l); 


n, = 2,m = 


14 andp = 


16 


(n.2) ; 


n = 2, m = 


16 andp = 


14 


(n.3); 


n = 2,m = 


16 andp = 


16 


014); 


n = 3, m = 


14 andp = 


14 


(n.5); 


n= 3,m = 


14 andp = 


16 


(n.6) ; 


n = 3, m = 


16 andp = 


14 


(IL7); 


n = 3,m = 


16 andp *= 


16 


(n.8); 


n = 4, m = 


14 and p = 


14 


01.9) I 
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■■ 16 


(n.l2); 
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(IL13); 
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= 14 andp = 
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(11.14) ; 
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or of formula HI, wherein: 
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The invention more specifically relates to compounds of following formnlae: 
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p — CH-{-CH— <jJH-]— (j)H CHr] 



CH3 OH 




16 



CH3 



n.23 

In a preferred ^nboditnent, the invention relates to compounds of formulae 111-21, III-22 
5 or in-23. 

According to another ^nbodiment, the invention relates to a composition comprising at 

* ■ 

least two different compounds of formula I such as defined above: 

The invention further relates to a composition characterized in that it comprises a mixture 
of compounds selected from the compounds of formulae II and HI, preferably those of 
10 fonnulae II-l to n-36 and of formulae UI-l to III-36, and more preferably those of formulae 
n-21, n-22, n-23, in-21, ni-22 and in-23. 

The invention also relates to a composition comprising a mixture of compounds selected 
from the compounds of formula HE, preferably those of formulae m-l to 111-36, and more 
preferably those of form\dae in-21, III-22 and ni-23. 
15 The invention relates in particular to a composition as defined above, wherein compounds 

selected from the compounds of formulae n-21, n-22, n-23, ni-21, ni-22 and 10-23 represent 
from about 20% to about 100%, more particularly about 30%, of the total amount of 
compounds of formula I of said composition. 

the invention also relates to a composition as defined above, whepin compounds selected 
20 from the compounds of formulae III-21, 111-22 and III-23 represent from about 20% to about 
100%, more particularly about 30%, of the total amount of compounds of formula I of said 
composition. 

The invention notably relates to a composition as defined above, wherein at least one 
compound, selected from the list consisting of compoimds of formulae 11-21, 11-22, 11-23, lE- 
25 21, III-22 and III-23, represents from about 20% to about 100%, notably 30% of the total 
amoimt of compounds of formula I of said composition. 

The percentage used to characterize the contents of the above described compositions is a 

molar percentage. 
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The invention also relates to a phannaceutical composition comprising at least one 
compound as dejSned above, or a composition as delBned above, in association with a 

« 

pharmaceutically acceptable vehicle. 

A phamiaceutically acceptable carrier comprises in particular liposomes. 

The composition may also comprise vaccine adjuvants. Vaccine adjuvants for use in 
human individuals or animals are well known to the man skilled in the art, a list of such salts 
can be found for instance in "A compendium of vaccine adjuvants and excipients" 2 edition, 
Vogel et ah Particular vaccine adjuvants notably comprise aluitdnum salts or MS9, for 
example. 

The invention particularly relates to a pharmaceutical composition as defined above, 
characterized in that it is presented in a form intended for administration by oral or injectable 
route. 

The invention more particularly relates to a pharmaceutical composition as defined above, 
characterized in that it comprises one or more otiier products usefiil for the treatment or the 
prophylaxis of tuberculosis, such as BCG or mycobacterial proteins. 

BCG stands for Bacillus of Calmette and Guerin, the different strains of BCG currently 
used for vaccination are notably described in Behr M.A. et al Science (1999) 284:1520-1523. 

The expression "mycobacterial proteins" refers to proteins, or firagments thereof, which 
are encoded by the genome of bacteria of the Mycobacterium genus and notably by the 
genome of Mycobacterium tuberculosis^ such proteins may be advantageously recombinant. 
According to a preferred embodiment said mycobacterial proteins are antigens of M. 
tuberculosis. 

Other products useful for the treatment or the prophylaxis of tuberculosis notably 
comprise inununomodulators, such as cytokines, DNA firagments encoding M tuberculosis 
antigens, live M. tuberculosis deletion mutants, such as mutants in which virulence genes 
have been deleted, or live recombinant BCG, such as BCG expressing antigens of M. 
tuberculosis. 

As used herein, tuberculosis refers to the disease caused in humans by the bacterium 
Mycobacterium tuberculosis, but also to the corresponding disease in animals. 

According to another embodiment, the invention relates to products comprising: 

- at least one compound as defined above, 

- and al least one other product usefiil for the treatment or the prophylaxis of tuberculosis, 
such as BCG or mycobacterial proteins. 
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as a combined preparation for simultaneous, separate or sequential use in the treatment or the 
prophylaxis of tuberculosis. 

The invention also relates to the use of at least one compound as defined above, or of an 
above mentioned composition, for the preparation of a medicament, notably a vaccine, 
intended for the treatment or the prophylaxis of tuberculosis. 

Optionally the vaccine may comprise a vaccine adjuvant such as described above. 
The invention relates to the use of at least one compound as defined above, or of a 
composition according as defined above, as an immune reaction activator, and more 
particularly an inflammatory reaction activator. 

By "inmiune reaction activator^ * is meant a compound which has the ability to activate 
components or processes of the immune reaction, in vitro or in vivo, in particular cells of the 
immune system, such as T lymphocytes, B lymphocytes, antigen presenting cells (APCs), 
such as dendritic cells or macrophages, monocytes or granulocytes. 

By "inflammatory reaction activator" is meant a compound which has the ability to 
activate components or processes of the inflammatory reaction, in vitro or in vivo, such as 
diapedesis, capillary permeabilization, macrophage activation or fever onset for instance. 

The invention also relates to the use of at least one compound as defined above, or of a 
composition as defined above, to induce the activation of T lymphocytes, notably CDl- 
restricted T lymphocytes. The activation can proceed in vitro or in vivo. 

The activation of T lymphocytes can be assessed by several methods, such as measuring 
cell muMplicalion or cytokine production such as IFN-7 (interferon-7), IL-2 (interleukine-2), 
IL-4 (interleukine-4), or TNP-a (tumor necrosis factor a), for instance. 

CDl-restricted T lymphocytes are T lymphocytes which are activated by antigens 
presented by CD 1 molecules. 

The invention also relates to the use of at least one compound as defined above, or of a 
composition as defined above, to induce the production of IFN-7, TNF-ce, IL-4 or granulysin. 

This production induction can be done in vitro or in vivo. The production of IFN-7, 
TNF-a; IL-4 or jgranulysin can be measured for instance by inununoassays, such as ELISA 
(enzyme linked inmiimosorbent assay) or EIA (enzyme immunoassay). 

According to another embodiment, the invention relates to a process for generating T 
ceU clones, characterized in that it comprises the following stages: 

- incubating antigen presenting cells (APCs), notably dendritic cells, with a 
Mycobacterium tuberculosis envelope preparation substantially devoid of proteins, 
to obtain non-protein envelope antigen loaded APCs, 
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- contacting peripheral blood moaoauclear cells with the envelope antigen loaded 
APCs to obtain proliferating T cells, 

- cloning proliferating T cells by limiting dilution and selecting the clones releasing a 
molecule selected ftom the group comprising IFN-7, TNF-o; granulysin or IL-4 
when contacted by envelope antigen loaded APCs to obtain T cell clones. 

The invention further relates to T cell clones such as obtained by the abovementioned 

process. Such a T cell clone is described in the examples as Z4B27. 

According to another embodiment, the invention relates to a process for screening 
products, such as sulfoglycolipids extracted from Mycobacterium tuberculosis^ characterized 
in that it comprises the following stages: 

- contacting dendritic cells loaded with the product to screen, notably 
sulfoglycolipids extracted from Mycobacterium tuberculosis^ with the above- 
defined T cell clones, 

- detecting a molecule selected from the group comprising IFN-7, TNF-oi 
granulysra or IL-4, released by the T cell clones. 

The invention also relates to a process for the extraction of compounds as defined 
above, or of a composition as defined above, from Mycobacterium tuberculosis^ characterized 
in that it comprises the following stages: 

- treatment of M tuberculosis bacteria with a mixture of methanol and chloroform to 
obtain a chloroform/methanol extract, 

- concentration of the chloroform/methanol extract followed by its partition between 
a chloroform phase and an aqueous phase, 

- taking of the chloroform phase and evaporation of most of the chloroform, followed 
by addition of acetone thereto to obtain a precipitate and a soluble acetone phase, 

- taking of the soluble acetone phase followed by its concentration, and application 
of the concentrated soluble acetone phase on a sihcic acid column irrigated with 
mixtures of methanol and chloroform, 

- elution of a fi:action from the above-mentioned sihcic acid column by a nnxture of 
chloroform and approximately 20% methanol, said firaction corresponding to a 
composition as defined above, 

- if necessary purification of the fraction eluted from the silicic acid column to obtain 
different preparations respectively containing substantially only one of the 
compounds as defined above. 
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Brief description of the drawings 
Figure 1 

Figure 1 represents the amount of IFN-7 (in pg/ml, horizontal axis) produced by T cell clone 
Z4B27 in response to stimulation (vertical axis) by the culture medium (medium), by 
sulfoglycolipids alone (SL), by dendritilc cells alone (DC) or by dendritic cells loaded with 
sulfoglycolipids (DC + SL) 

Figure 2 

Figure 2 represents the negative MALDI (Matrix Assisted Laser Desorption/Ionisation) mass 
spectrum of the purified preparation of sulfoglycolipids extracted from M tuberculosis which 
activates the T-cell clone Z4B27. The horizontal axis represents the m/z ratio of the 
compounds contained in the preparation. The vertical axis represents the peak intensity as a 
percentage of maximum peak intensity. The major peaks are identified by their respective m/z 
ratio. 

Figures 

Figure 3 represents the 1-D NMR (Nuclear Magnetic Resonance) spectrum of the purified 
preparation of sulfoglycolipids extracted from M tuberculosis which activates the T-cell 
clone Z4B27. The vertical axis represents the intensity of resonance and the horizontal axis 
the chemical shifts in ppm (parts per miUion). A close-up of the spectrum between 4.7 and 5.4 
ppm is inserted in the left part of the spectrum. The peak designed as CDCI3 corresponds the 
solvmt 

Figure 4 

Figure 4 represents a diagram showing the evolution of the number of M tuberculosis CFUs 
(colony forming units) infecting dendritic cells (xlO'^ vertical axis) in response to the 
addition of increasing amounts of sulfoglycolipid specific T cell clones, represented as T 
cells:dendritic cells ratiios on the right of the figure, between day 1 and day 5 of the 
experiment (horizontal axis). 
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Generation of T cell clones specific for Mycobacterium tuberculosis glycolipids 

1. Preparation of dendritic cells 

Iminature dendritic cells (DC) were prepared firom peripheral blood of healthy 
donors. Plastic-adherent cells were cultured in RPMI-1640 medium containing 10% PCS 
(foetal calf serum), 50 ng/ml recombinant human GM-CSF, 1000 U/ml recombinant human 
IL-4, and were used after S days. Before each experiment the percentage of dendritic cells 
was monitored by inmiimofluorescence analysis using mAbs specific for CD lb (WM-25, 
Immunokontakt, Lugano, Switzerland), CDla (OKT6) and CDlc (L161) (Instrumentation 
Laboratory, SchHeren, Switzerland) and was always >90%. For staining, cells were 
suspended in PBS containing 1% BSA and 0.04% NaNs and incubated with the primary 
mAbs (10 p.g/ml) for 40 min, washed twice, and then further incubated with FITC- 
conjugated goat anti-mouse Ig for another 40 min at 4°C. After washing, cells were 
analyzed on a FACScan flow cytometer (Becton Dickinson). 

2. Generation of glvcohpid-specific T cell lines 

Mycobacterial glycoUpids were extracted from Mycobacterium tuberculosis cell 
wall. Killed cells were treated by a mixture of chloroform and methanol, 1/1, v/v and 
filtered, giving rise to delipidated cells and a supematant containing cell wall glycolipids. 
The cells were extracted four times in the same way to yield a M. tuberculosis glycolipid 
extract. 

T cell lines were estabUshed by culturing freshly isolated peripheral blood 
monoxiuclear cells (PBMC) with autologous DCs. DCs were incubated for 2 h with the 
above mentioned glycoUpids (20 |xg/ml) before addition of PBiJeCs. After 3 weeks, 
growing T cells were restimulated with heterologous DCs and the same preparation of 
glycolipids. An identical restimulation was performed after additional 3 weeks, cells were 
then tested for their antigen specificity. 

3. Generation of glvcolipid-specific T cell clones 

T cells from glycolipid-specific T cell lines were cloned by limiting dilution in 
Terasaki plates. Cloning was performed using RPMI-1640 medium added with 5% human 
AB serum (Swiss Red Cross, Bem), 100 U/ml recombinant himaan IL-2, 1% PHLA 
(Wellcome), 2mM L-Glutamine (Gibco, 21051-024), ImM Na Pyruvate (Gibco, 11840- 
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048), 1% Non-essential Aminoacids (Gibco, 11140-035), and 100 |xg/inl Kanamycin 
(Gibco, 15160-021), Twelve days after plating, wells containing growing cells were scored 
and the plating efficiency was calculated according to Poisson's distribution. Cells were 
transferred into 96 wells plates and further expanded for one week before screening for 

« 

5 their glycolipid specificity. The glycolipid specificity of T cell clones was detected by 
measuring the IFN-y released in the si^ematant 48 hr after stimulation with dendritic cells 
and glycolipids, using the human IFN-7 ELISA kit purchased from BD Phanningen. The 
assay was performed using the protocol suggested by the dealer. GlycoUpid-specific clones, 
such as Z4B27 (Figure 1) . were further expanded and characterized. 

10 

A. (Characterization of glvcolipid-specific T cell clones 

DC (4xl0Vwell in triplicate), in RPMI-1640 medium containing 10% PCS, were 
preincubated for 2 h at 37°C with glycoUpid antigen (1-50 jig/ml) before addition of T cells 
(6xl0'*/well). After 24-36 h of cultivation, TNF-ot, IFN-7 and IL-4 released into culture 

15 supematants were assayed by ELISA uang commercial kits (Instrumentation Laboratory, 
Schlieren, Switzerland). CIR cells (6xl0Vwell in triplicate) transfected with CDla, b, c, d 
or mock transfected were used in some assaj^. 

Inhibition of T cell activation was performed by adding different doses of purified 
anti-CDBs TR66 mAb Fab fragments or purified anti-CD lb WM-25 mAbs together with 

20 glycolipid-pulsed APC. Affcer 36 h, supematants were harvested and tested in ELISA for the 
presence of TNF-a, IFN-y and IL-4. Two of the glycoUpid-specific T cell clones tested, 
Z4B26 and Z4B27, were found to be TCR ap*, CDS"^ and were restricted by CDlb. Clone 
Z4B27 was chosen in order to characterize the glycoUpid antigens responsible for its 
activation. 

25 

Example 2 

Isolation and characterization of sulfoglycolipid antigens of Mycobacterium 

tuberculosis activating T ceU clones 

30 The specific antigens responsible for the activation of the Z4B27 T cell clone were 

searched for. 

The above mentioned mycobacterial extract was concentrated and partitioned 
between water and chloroform. The chloroform phase contained most of the envelope lipids 
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and glycolipids as well as the sulfoglycoUpids. It was evaporated, aad the residue was 
dissolved in the Tnin iTmim of chloroform, then acetone was added and the mixture was kept 
overnight at 4°C, A precipitate was observed and by centrifugation at 4°C for 15 min (3000 
X g) an "acetone-insoluble" phase and an "acetoner-soluble" phase were obtained. Most of 
the sulfoglycolipids were found in the "acetone soluble" phase together with othCT lipids. 
The sulfoglycolipids were characterized by their behaviour on silica gel thin layer 
chromatography using chloroform/methanol, 9/1, v/v as migration solvent and were 
visualized with orcinol staining. In addition, their presence in the "acetone-soluble" phase 
was unambiguously established from MALDI-Time of Flight-mass spectrometry analysis 
(MALDI-ro/MS) in negative mode. From the mass spectrmn, recorded from 700 to 5000 
mass units, mainly three femilies of sulfoglycolipids were characterized differing by their 
acylation degree and the fatty acyl appendage structures. The low mass range was mainly 
dominated by a-a-D-trehalose-2'-sulfate (A) containing two fatty acyl appendages 
including one hydroxyphthioceranoic acid residue (C) and either one palmitic (HOOC- 
(CH2)i4-CH3) or stearic acid (HOOC-(CH2)i6-CH3) residue. Beside this sulfoglycolipid, 
other acyl-fonns were observed containing one and two additional hydroxyphthioceranoic 
acids corresponding to the two other sulfoglycolipids families noticed above. 




Trehalose-2'-sulfate 
A 



HO C — <j:H-^CH2-(j;H^<jJH-|-CH5-j-CH3 

CH3 CH3 OH 

Hydroxyphthioceranoic acid 



20 The "acetone-soluble" phase was then first fractionated on silicic acid column 

irrigated by chloroform, and chloroform containing 10, 20 and 30 % of methanol. The 
bioactivity, i.e. the capacity to activate T cell clone Z4B27, was mainly restricted to the 
fraction eluted with a mixture of chloroform containing 20% of methanol. 

MALDI-7b/-MS analysis showed that this fraction was composed by omx-D- 

25 trehalose-2'-sulfate containing two fatty acyl appendages includmg hydroxyphthioceranoic 
acid residue with different chain lengths and either one palmitic or one stearic acid residue. 
Figure 2 shows the MALDI-7b/ spectrum recorded in negative mode using HABA [2-(4- 
hydroxyphenyia2o)-benzoic acid] as matrix. The peaks were assigned to deprotonated 
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molecular ions (M-H)' thus allowing the characterization of the different molecular species 
summarized in Table 1. 



Mass (m/z) 


trehalose«2'-sulfete substituents 


1039 


Palmitic acid and hydroxyphduoceranoic acid (n=2) in=^14) 


1067 


Stearic acid ana nydroxypnttuoceraiioic acia {pr-z^ nv-i^j. 




or pabxntic acid and hydroxyphthioceranoic acid (n=2, nr=16) 


1123 


Palmitic acid and hydroxyphthioceranoic acid (n=4, m=14) 


1151 


• 

oteanc acid and nydroxypntuioceranoic acia vn-^, m 




or palmitic acid and hydroxyphthioceranoic acid (n=4, nr=16) 


1165 


Stearic acid and hydroxyphthioceranoic acid (pr^5 m=l6) 


1179 


Stearic acid and hydroxyphthioceranoic acid (n=4 £i:^16) 


lly3 


oteanc acid anu iiyaroxypnuiioceranoic acia ^n— d ni^i'fj. 




or palmitic acid and hydroxyphthioceranoic . acid (n=5 in=16) 


1207 


Palmitic acid and hydroxyphthioceranoic acid (n^ nf^l4) 


1235 


Stearic acid and hydroxyphthioceranoic acid (n=6 m=14). 




or pahnitic acid and hydroxyphthioceranoic acid (n='6 m— 16) 


1249 


Palmitic acid and hydroxyph&ioceranoic acid (iv='7 mF'14) 

• 


1263 


Stearic acid and hydroxyphthioceranoic acid (n=6 m=16) 


1277 


oteanc acta ana nyaroxypntnioceranoic acia \pr-/ m— if 




or paimiuc acid and nyorox3^ntuioceranoic acia ^n~/ m^^io^ 


1291 


Palmitic acid and hydroxyphthioceranoic acid (n=8 m=14) 


1305 


Stearic acid and hydroxyphthioceranoic acid (n=7 m=16) 


1319 


Stearic acid and hydroxyphduoceranoic acid (n=8 mF=14), 




or palmitic acid and hydroxyphthioceranoic acid (n=8 nF=16) 

* 


1333 


Pahnitic acid and hydroxyphthioceranoic acid (n=^ mf 14) 


1361 


Stearic acid and hydroxyphthioceranoic acid (n=9 m=14). 




or pahnitic acid and hydroxyphthioceranoic acid (n=9 in=16) 


Table I 



The desulfatation of the sulfoglycolipid antigens was performed and the bioactivity 
of the resulting glycolipids was investigated. The sulfoglycolipids (Img) dissolved in 1 ml 
of methanol were mixed with 50 mM. of HCl at room temperature during 16 h. To the 
reaction mixture 3 ml of chloroform, 0.5 ml of methanol and 1 ml of 0.2% sodium acetate 
10 were added. The lower phase was washed with 2 x 2ml of chloroform/methanol/water 
3/48/47, v/v dried and tested on silica gel high performance thin layer chromatography 



4 
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plates. The glycolipids were visualized by orcinol staining and their naigration using 
chloroform /methanol 9/1 as migration solvent was in agreement with the loss of the sulfate 
group. The desxilfatation abrogated the capacity of the resulting glycolipid to activate the T 
cell clone Z4B27, revealing that sulfoglycolipids were the antigens which stimulate the T 
5 cell clones. 

Finally, the fraction containing the diacylated a-a-D-trehalose-2' -sulfate antigens 
was applied on a CI 8 Sep-Pak cartridge which was successively irrigated with 
methanol/water 9/1, methanol and methanol/chloroform, 1/1, v/v. Using the bioassay, the 
bioactivity was restricted to the fractions eluted with methanol and methanol/chloroform, 

10 1/1, v/v. These fractions analyzed by MALDI-Tb/MS in negative mode showed mass 
spectra allowhig to assign the activity to the structure I: a-Q:-D-trehalose-2'-sxilfate 
containing two fatty acyl appendages includiug one hydroxyphthioceranoic acid residue 
vn&x diflferent chain lengths and either one palmitic or one stearic acid residue. 

From MALDI MS/MS experiments in positive mode, it was fovmd that the two fatty 

15 acid residues were located on the same glucose unit (unit I) while the sulphate group was 
bom by the other glucose moiety (unit H) composing the trehalose (see formula D). These 
data were supported by one and two dimensional NMR experiments. Figure 3 shows the 
one dimensional spectrum. In the anomeric zone, four signals were observed namely Ii, 
IIu Hz and Ha. The resonances Ii and IIi typified the two anomeric protons of the a-a- 

20 trehalose core, and the resonances JI2 and Ha were assigned to the H2 and H3 of the glucose 

* 

moiety n, respectively. The downfield shifts of the H2 and H3 protons indicated that the 
fatty acyl appendages (hydroxyphthioceranoic acid and pahnitic or stearic acids) were 
located on C2 and C3 of vmit II. In addition, from the comparative analysis of the proton 
chemical shifts of the native sulfoglycolipid and its peracetylated derivative, the sulphate 
25 residue was located on the C2' of the glucose I moiety. 




Rl and R2: fatty acyl appendages 

D 



30 
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Ex. vivo assay of Mycobacterium tuberculosis sulfoglycolipids 

To define the immmiogenicity of sulfoglycolipids-antigens, IFN-7 release was 

5 measured after stimulation with the purified sulfoglycolipids. 2x10^ PBMC per/well were 
incubated for 4 days in the presence of GM-CSF (500 U/ml) and IL-4 (5 ng/ml). 
Autologoiis effector T-cells were incubated in 10% human serum during this time. The 
sulfoglycolipids (10 fig/ml) were added to the irradiated, CD 1 -expressing antigen- 
presenting cells. Finally, effector cells were added (2 x 10^/well) and IFN-y release was 

10 measured by ELISA in the supematants after 18 hours. The IFN-y ELISA was performed in 
96-well immunosorbent plates, which were coated with an IFN-y capture antibody (2 
IJig/ml) ovemigiht. Non-specific binding sites were blocked with PBS containing 1% bovine 
serum albumin. The supematants were diluted 1:1 and added in a final volume of 100 ^il. 
Plates were incubated at room temperature for 2 hours and removed by thorough washing 

15 (3-4 times). Finally, a biotinylated anti-XFN-y antibody was added for 1 hour (2 fxg/ml). For 
detection of immunoreactive IFN-y, horseradish-peroxidase was added for 30 min. Finally, 
a chromogenic substrate (TMB, Endogen, MA, USA) was added. After 20 min. incubation 
the reaction was stopped by the addition of sulfuric acid (2%). The intensity of the staining 
was determined photometrically at a wavelength of 480 nm. To estimate the concentration 

20 of cytokine in the supematants, an IFN-7 standard with a known concentration was included 
in all tests. 82 PPD^ donors (positive to the tuberculin test) and 54 PPD" donors (negative to 
the tuberculin test) were recruited and the response to the sulfoglycolipids was measured. 
Of the 82 PPD**^ donors 46 (56%) produced IFN-y (range 72 to 798 pg/ml, sensitivity of the 
ELISA test: 15 pg/ml), as compared to only 4 control patients (7%). ( 

25 To characterize the function of T cell clones, which recognize sulfoglycolipids, the 

expression of antibacterial effector molecules was measured and the antibacterial activity of 
dendritic cells (DC) infected with virulent M. tuberculosis was determined. To detect 
granulysin, sulfoglycolipids-reactive T cell clones w^e permeabilised using 0.5% saponin 
and a polyclonal rabbit serum directed against granulysin was added Staining was 

30 visualized using a FITC-conjugated secondary antibody directed against rabbit 
immunoglobulins. The number of positive cells was quantitated by analyzing cells in a flow 
cytometer. 
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For measuring the killing of M- tuberculosis, DCs were generated from peripheral 
blood monocytes by treatment with GM-CSF and IL-4. The cells were then infected with a 
viralent strain of M. tuberculosis (H37Rv) at a multiplicity of infection of 1. Non- 
phagocytosed bacteria were removed by thorough washing and then T-cells were added in 
increasing amounts as indicated in Figure 4 . The number of surviving bacteria was 
determined by plating cell lysates after 5 days of coincubation and counting the number of 
colonies grown afta- three weeks. Thus, it has been shown that T-cells specific for 
sulfoglycoUpids recognize cells infected with live mycobacteria and - most importantly - 
kill the pathogen. Since sulfoglycolipids-responsive cells express granulysin, the secretion 
of this antibacterial molecule is most likely responsible for the killing of the pathogen. 
Therefore, sulfoglycoUpids are presented on the surface of human host cells for 
mycobacteria recognition and killing. 

Hence, a biochemically distinct and well characterized mycobacterial lipid antigen 
that is predominantly recognized by PPD* donors, but not by naive controls, was identified. 
T-cell clones specific for sulfoglycoUpids recognize DC infected with five M. tuberculosis 
bacilU and kiU the pathogen possibly by the secretion of granulysin. 



